CASE HISTORY
A 24-year-old, 41 kg Vietnamese woman was admitted to hospital at 32 weeks' gestation because of increasing cyanosis and dyspnoea. She was known to have dextrocardia, situs inversus, a double-outlet right ventricle (DORV) and associated large ventricular septal defect (VS D) with severe pulmonary stenosis (PS). The diagnosis of her cardiac condition had been made 22 months previously and results of cardiac catheterisation studies at that time are listed in Table 1 . The past medical history included a spon- (mmHg) taneous abortion and a missed abortion, for which she had undergone two apparently uneventful general anaesthetics (with propofol, 02/N20 and isoflurane) 22 and 16 months earlier. According to the anaesthetic records on those two occasions, the patient was asymptomatic and not cyanosed.
Physical examination revealed mild finger clubbing and central cyanosis. The heart rate was 88/min, arterial pressure was 105/45 mmHg, jugular venous pressure was not elevated and there was no peripheral oedema. The apex beat was located at the right fifth intercostal space in the mid-axillary line and a pansystolic murmur was audible at the right sternal border. A 12 lead ECG showed right axis deviation with diminished R waves in the precordial leads ( Figure 1 ). Echocardiography showed bidirectional shunting across the VSD and severe pulmonary stenosis with a pressure gradient of 80 mmHg across the pulmonary valve. Arterial blood gas tensions analysed with the patient breathing 30070 oxygen were pH 7.45, P aC02 3.6 kPa, P a02 6.6 kPa and base deficit 3 mmolll. The haemoglobin concentration was 17.1 g/l, haematocrit 49.7070 and platelet count 178 x 10 9 11. Pulmonary function tests were normal.
Severe intra-uterine growth retardation (lUGR) was present, with fetal size equivalent to 26 weeks' gestation by ultrasonography. Fetal umbilical artery Doppler flow studies showed reversed diastolic flow. After admission, 30070 oxygen was provided by facemask, arterial oxygen saturation monitored continuously by pulse oximetry and oral dexamethasone given to promote fetal lung maturation. Subcutaneous heparin 5000 units tds was given as prophylaxis against thromboembolism. It was decided to perform an elective caesarean section and sterilisation one week after admission, at 33 weeks' gestation.
Thirty ml of 0.3 molar sodium citrate and ranitidine 150 mg were given orally for prophylaxis against acid aspiration. Intravenous antibiotic prophylaxis (ampicillin 1 g and netromycin 60 mg) and subcutaneous heparin (5000 units) were administered 1 and 3 hours, respectively, before surgery. The patient was transferred to the operating suite breathing 30070 oxygen and was extremely apprehensive in the anaesthetic room. Over the next 30 minutes, midazolam 3 mg was given, while a right radial arterial cannula, right internal jugular central venous catheter and epidural catheter were inserted. The epidural space was identified using a loss-of-resistance-to-saline technique at the L2/3 interspace. The initial central venous pressure (CVP) reading was 0 mmHg and 300 ml Ringer-lactate solution was infused while inducing anaesthesia.
Anaesthesia was induced with alfentanil 30 p.g/kg, ketamine 0.5 mg/kg and vecuronium 0.1 mg/kg given slowly over two minutes. Cricoid pressure was applied while the lungs were manually inflated with 50070 02 in N20 and the trachea was intubated after three minutes. Arterial pressure increased slightly during induction and again after tracheal intubation, while the heart rate remained stable ( Figure 2 ). Anaesthesia was maintained with 50070 02 in N20 and halothane 0.5070 up to delivery. The induction-to-delivery time was seven minutes and oxytocin 10 U was given, over one minute, after delivery. There was transient arterial desaturation, with an Sp02 of 90070 for one minute associated with a decrease in systolic arterial pressure to 90 mmHg. This responded to the replacement of an estimated 300 ml of blood loss with 300 ml Ringer-lactate solution and discontinuing halothane. The operation lasted 40 minutes and haemodynamic variables and arterial oxygen saturation were stable for the remainder of the operation. Neuromuscular block was antagonised with neostigmine 1.25 mg and atropine 0.4 mg IV. After tracheal extubation, 30070 oxygen was supplied by facemask and fentanyl 50 p.g in 9 ml saline was injected epidurally. The mother was transferred to the intensive care unit (ICU) for postoperative observation and analgesia. She remained haemodynamically stable and maintained an arterial oxygen saturation between 89-95070 breathing 50070 oxygen. Analgesia was provided by an epidural infusion (10 mllh) of fentanyl 30 p.g/hour in saline. Prophylactic antibiotics were continued for 24 hours and subcutaneous heparin continued for 48 hours, by which time she was fully ambulant. The epidural catheter was removed on the third postoperative day.
At delivery the neonate had respiratory effort and muscular tone, with Apgar scores of 6 at 1 minute and 9 at 5 minutes. The birth weight was 0.94 kg. Umbilical venous blood gas tensions at delivery were pH 7.3, P a02 4.15 kPa and P aC02 5.22 kPa. The trachea was intubated electively and the baby transferred to the neonatal ICU where two doses of surfactant were administered. The baby was ventilated for 48 hours and extubated without problem. Mother and baby were discharged from hospital after two weeks.
DISCUSSION
The patient's deteriorating cardiovascular status before admission was probably caused by the decrease in peripheral vascular resistance associated with pregnancy. There was no clinical evidence of right ventricular failure and the ratio of left-right shunting, which had been 3:1 22 months earlier, was now equal.
The basic principles of the anaesthetic management for a patient with a bidirectional intracardiac shunt at the ventricular septal level and fixed pulmonary valvular resistance are to maintain preload and afterload to both ventricles and maintain sinus rhythm. Increased right-to-left shunting of blood across the VSD will occur if there is a decrease in peripheral vascular resistance, an increase in pulmonary vascular resistance or an increase in intrathoracic pressure. Systemic hypotension exacerbates right-to-left shunting and this may lead to a vicious cycle of increasing arterial hypoxaemia, deteriorating right ventricular performance, decreasing peripheral vascular resistance and increasing right-to-left shunting. In view of these considerations, direct monitoring of arterial blood pressure and CVP with continuous pulse oximetry were undertaken. A pulmonary artery catheter was not inserted because interpretation of the information obtained would be complicated by the presence of the large VSD. Right and left ventricular pressures were equal, the Fick principle as used by the thermodilution method of measuring cardiac output is invalid and apparent changes in cardiac output may be the result of a true change in cardiac output, shunting or both. There was also the potential for arrhythmias and thrombo-embolic complications. Additionally, in the presence of severe PS, insertion would have been technically difficult and, had it been accomplished, the PA catheter could have critically increased resistance across the narrowed pulmonary outflow tract.
Although epidural anaesthesia has been used successfully in a patient with a functionally similar condition (pulmonary atresia and a VSD) undergoing caesarean section,1 we considered that peripheral vasodilatation secondary to regional anaesthesia might promote further right-to-Ieft shunting. Secondly, the use of adrenergic alpha-receptor agonists to treat arterial hypotension and reduce right-to-Ieft shunting might cause uterine arterial vasoconstriction and jeopardise an already compromised fetus.
The haemodynamic sequelae associated with rapidsequence induction of anaesthesia are undesirable in patients with severe cardiac disease. In high-risk obstetric patients, controlled induction of anaesthesia using high-dose opioid anaesthesia and nondepolarising neuromuscular blockers is recommended, despite the potential risk of maternal pulmonary aspiration. 2 We used a moderately high dose of alfentanil, ketamine and vecuronium while maintaining cricoid pressure. This technique avoided hypotension during induction. Arterial pressure did subsequently fall with the institution of IPPV and halothane, blood loss and the use of Syntocinon. As the premature and growth-retarded infant was to be ventilated electively after delivery, we were not concerned about neonatal respiratory depression.
Alfentanil is used in high dosage (125 JLg/kg) to maintain haemodynamic stability in patients undergoing valvular heart surgery. 3 In healthy, non-pregnant patients, a rapid-sequence induction technique including alfentanil 30 JLg/kg was sufficient to obtund both the hypertension and tachycardia associated with tracheal intubation, while alfentanil 45 JLg/kg or 60 JLg/kg was associated with a decrease in mean arterial pressure and bradycardia. 4 Again, in healthy non-pregnant patients arterial pressure, but not heart rate, was controlled at tracheal intubation by alfentanil 15 JLg/kg, whereas alfentanil30 JLg/kg controlled both. 5 Cardiovascular stability during caesarean section using alfentanil 125 JLg/kg was reported in a patient with severe mitral stenosis 6 and with alfentanil 35 JLg/kg in one patient with severe aortic stenosis. 7 In both cases neonatal respiratory depression occurred after delivery but this was reversible with naloxone. Lower doses of alfentanil (10 JLg/kg) have provided cardiovascular stability during induction of anaesthesia in normal pregnant patients without adverse effects on the neonate,8 but this dose only partly obtunded haemodynamic responses to intubation in pre-eclamptic patients undergoing elective caesarean section. 9 It appears that alfentanil, in appropriate dosage, provides haemodynamic stability and rapid elimination of the drug minimises the need for postoperative ventilation of the mother. However, neonatal respiratory depression should still be anticipated as alfentanil is transferred across the placenta and less protein bound in the neonate compared with the mother. 7 The cardiovascular effects of ketamine have been extensively reviewed 10 and are a balance between primary central nervous system stimulation and direct myocardial depression. Ketamine typically causes a dose-dependent increase in heart rate and arterial pressure, with no overall effect on peripheral vascular resistance. Rapid-sequence induction of anaesthesia in non-pregnant patients with ketamine 1.5 mg/kg was associated with a 10% increase in mean arterial blood pressure and heart rate during induction and a 34070 increase at intubation. 11 In pregnant patients, ketamine (l mg/kg) caused a 20070 increase in systolic arterial blood pressure and 15070 increase in heart rate at intubation. 12 In our patient, these cardiovascular responses were obtunded and hypotension avoided by using a lower dose of ketamine (0.5 mg/kg) with al fentanil; systolic arterial blood pressure rose 7.6070 during induction and 6.3070 at intubation, while the corresponding changes in heart rate were 3.5070 and 1070. The residual effects of midazolam sedation used preoperatively may also have contributed.
Halothane, enflurane and isoflurane all cause dosedependent myocardial depression and hypotension. Halothane was used in low concentration for a short period from tracheal intubation to delivery and was chosen because it has less effect on systemic vascular resistance than isoflurane II and reduces RV function less than enflurane. '4 Peripartum haemodynamic instability and thromboembolism are the major causes of perioperative death in polycythaemic cyanotic patients with Eisenmenger's syndrome and tetralogy of Fallot. ".'" Prophylaxis with subcutaneous heparin, although controversial, is advocated. 16 Effective analgesia enabling early ambulation is probably as important.
The provision of analgesia was hindered by a language barrier which made communication with the patient difficult. "Nurse administered-on demand by patient" methods were thus inappropriate and patientcontrolled analgesia was unavailable at that time. A continuous epidural fentanyl infusion was used. As for the use of an epidural in a patient receiving anticoagulants, the risk of an epidural haematoma developing after inserting an epidural catheter in the presence of low-dose subcutaneous-heparin prophylaxis is unknown and is a balance between the perceived advantages and disadvantages of the technique. It is argued that central neural blockade in this situation is safe. 17 ·" Since some patients transiently develop therapeutic systemic concentrations of heparin within the first two hours after subcutaneous administration, 19 it is advisable not to perform the blockade during that period.
Epidural local anaesthetic was not used because of the potential to cause peripheral vasodilatation, systemic arterial hypotension and increased right-left shunting. An epidural test dose of local analgesic was not used for several reasons: test doses with or without adrenaline are not infallible, communication was a problem, and the patient was extremely anxious and had been given midazolam. Also, the cardiovascular effects of 2-3 ml of local analgesic injected accidentally into the subarachnoid or subdural space could have been catastrophic in this patient.
There are conflicting reports about the efficacy of epidural fentanyl compared with that of systemically administered fentanyl. Following thoracotomy, fentanyl requirements were lower, plasma fentanyl concentrations were lower, respiratory function better preserved and the incidence of side-effects lower with epidural fentanyl compared with intravenous fentanyl. 20 Conversely, after caesarean section epidural fentanyl had no clinical advantage over intravenous fentanyl, although 25070 of the IV group were unable to obtain adequate analgesia and were omitted from the study."
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When performing the epidural, the loss-ofresistance-to-saline method was used because accidental intravenous injection of air can occur with the loss-of-resistance-to-air technique. 24 This is particularly relevant to patients with intracardiac septal defects.
